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WINDING TOOL FOR FORMING WIRE 
COLS IN A STATOR STACK INCLUDING 

RADIALLY MOVABLE FORMING 
MEMBERS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates generally to the manufacture of 
Stator for dynamoelectric machine field windings. More 
particularly, the present invention relates to a winding tool 
for facilitating forming of wire coils in a Stator Stack for a 
dynamoelectric machine. 

2. Description of the Prior Art 
In many conventional dynamoelectric machines, the mag 

netic Stator core comprises a Stacked plurality of relatively 
thin laminations of magnetic material having a central bore 
which receives the rotor member of the machine. A plurality 
of slots extend radially inwardly from the bore for receiving 
the field coils of the machine, wherein Such slots are defined 
by radially extending teeth. A predetermined number of 
turns of insulated wire conductor are arranged within Such 
Slots to form the excitation windings of the motor. 

After the coils have been placed within the stator core, the 
return ends of the coils extend out of the Stator slots and 
beyond the ends of the stator core. For reasons of 
appearance, as well as customer Specifications, the coil ends 
need to be shaped into a particular desired configuration. 
Such shaping operations are conventionally referred to as 
forming or blocking operations. One apparatus for perform 
ing Such a forming operation is disclosed in U.S. Pat. No. 
5,860,615 in which a winding tool is providing with forming 
racks which may be actuated for extension radially from the 
Sides of the forming tool to intermittently push the end turns 
of the coils radially outwardly. 

It has been observed that during such forming of the end 
turns of the coils, the wire extending through the slots may 
tend to flex inwardly toward the center of the stator, and thus 
reduce the amount of area available for receiving further 
windings. Accordingly, there has been an observed need for 
an apparatus to provide the continued advantages associated 
with providing a tool for forming the end turns of wire coils, 
while also providing a forming operation for wire located 
within the slots of the stator. 

SUMMARY OF THE INVENTION 

The present invention resides in a winding tool for 
forming winding coils in a Stator Stack for a dynamoelectric 
machine which Satisfies the foregoing needs. The tool 
comprises, generally, an elongated base structure defining a 
longitudinal axis, at least one elongated forming blade 
Supported on the base Structure and Supported for 
movement, relative to the base Structure, in a direction 
transverse to the longitudinal axis. The at least one forming 
blade includes an outer edge defining an edge of elongation 
lying in a plane Substantially parallel to the longitudinal axis 
and an actuator Structure is provided, extending through the 
base Structure, for actuating the forming blade in movement 
whereby the outer edge of the blade is moved from a 
retracted position to an extended position for insertion 
through a slot in a Stator Stack during a winding operation 
forming wire coils on the Stator Stack. 

In a further aspect of the invention, a plurality of forming 
blades are provided wherein the actuator Structure Simulta 
neously actuates the plurality of forming blades for move 
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2 
ment in a radial direction to extend through a plurality of 
Slots in a Stator Stack. Further, the base Structure preferably 
defines a cylindrical wall, and the Outer edges of the forming 
blades are positioned flush with the cylindrical wall when in 
the retracted position. 

In yet another aspect of the invention, the winding tool 
includes a wire aperture defined in the outer Surface of the 
base Structure for receiving wire guided through the base 
Structure and guiding the wire outwardly from the base 
Structure to form wire coils on a Stator Stack. 

In an additional aspect of the invention, end formers are 
located adjacent longitudinal ends of the forming blades, 
and extend transversely of the forming blades and are 
actuated radially outwardly for engaging end turns of wire 
coils on the Stator Stacks. The Outer Surfaces of the end 
formers are contoured to be flush with the outer Surface of 
the base Structure when the end formers are in a retracted 
position. Further, the end formers and former blades are 
Simultaneously actuated by the actuator Structure and, in the 
preferred embodiment, the end formers and forming blades 
are each Supported on a rack including a rack of gear teeth 
which mesh with a shaft forming a pinion gear extending 
through the base structure such that rotation of the shaft 
causeS radial actuation of the end formers and forming 
blades. 

Other aspects of the invention will be apparent from the 
following description, the accompanying drawings and the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of the winding tool of the 
present invention with the forming members in a retracted 
position; 

FIG. 2 is a perspective view of the winding tool with the 
forming members in an extended position; 

FIG. 3 is a bottom perspective view illustrating the 
forming member assembly; 

FIG. 4 is a top perspective View illustrating the forming 
member assembly; 

FIG. 5 is a top perspective view illustrating the forming 
member assembly with the top end former removed; 

FIG. 6 is a top perspective view of the forming member 
assembly with the top end former and the forming member 
Support Structure removed to illustrate the pinion gear and 
forming rack Structure for actuating the forming blades, 

FIG. 7 is a top plan view illustrating the actuation 
structure for one of the end formers; 

FIG. 8 is a perspective view illustrating the winding tool 
in a winding operation for forming wire coils on a Stator 
Stack; 

FIG. 9 is a perspective view illustrating a winding tool in 
a winding operation with the forming members in an 
extended position; and 

FIG. 10 is a top plan view of the winding tool with the 
upper end former removed and illustrating extension of the 
forming blades into a Stator Stack. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIGS. 1 and 2, the winding tool 10 of the 
present invention is illustrated and comprises a base Struc 
ture including a forming member assembly 12 and a cylin 
drical wall 14, and defining a central longitudinal axis 16. 
The forming member assembly 12 includes a plurality of 
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forming blades 18a–f, and an upper end former 20 and lower 
end former 22 located at opposing ends of the forming 
blades 18a–f. The cylindrical wall 14 is provided with a 
plurality of slots 24 for receiving the forming blades 18a–f, 
and further includes upper and lower slots 26, 28 for 
receiving the end formers 20, 22 therethrough. In addition, 
the cylindrical wall 14 defines a plurality of wire apertures 
30a-c located below the lower end former 22 for feeding a 
plurality of wires therethrough to a Stator Stack during a 
winding operation. 

Referring to FIGS. 3-6, the forming member assembly 12 
comprises the forming members, including the forming 
blades 18a–f and end formers 20, 22, and a forming member 
Support Structure 32 for guiding the forming members 18a–f, 
20, 22 in radial movement relative to the cylindrical wall 14. 
The Support Structure includes a cylindrical assembly Sup 
port 34, including a lower end 36 which is adapted to be 
mounted to the upper end of a winding machine Spindle shaft 
provided in a winding machine of the type illustrated in U.S. 
Pat. No. 5,860,615, assigned to the assignee of the present 
invention, and incorporated herein by reference. 

The assembly Support 34 is located in Stationary relation 
ship to the cylindrical wall 14 and Supports the forming 
member Support Structure 32, including a plurality of guide 
plates 38a–f for guiding the forming blades 18a–f for 
reciprocating radial movement. Specifically, each of the 
forming blades 18a–f is Supported on a respective elongated 
plate-shaped blade slide 40a–f (FIG. 6), and each of the 
guide plates 38a–f (FIGS. 4 and 5) includes a slot for 
slidably receiving a respective blade slide 40a-f. In addition, 
an upper guide plate 42 is provided, including a slot 44 (FIG. 
5) for receiving a slide portion 46 of the upper end former 
20, and the slide portion 48 of the lower end former 22 is 
guided in Sliding movement between the lower guide plate 
38f and the upper surface of a lower bearing member 50. 

The Support assembly 34 further Supports an actuator 
Structure for actuating the forming blades 18a–f and end 
formers 20, 22 in radial movement relative to the cylindrical 
wall 14. The actuator Structure comprises an actuator Shaft 
52 (FIGS. 4 and 6) which is rotatable relative to the support 
Structure 32 and includes a splined portion 54 defining gear 
teeth along a portion thereof passing through the blade slides 
40a–f and 42, 48. Further, each of the blade slides 40a–f and 
46, 48 include a slot portion 56 with teeth 58 formed along 
one side thereof to define a gear rack for engaging with the 
gear teeth defined on the spline portion 54 (see also FIG. 7). 
Accordingly, rotation of the actuator Shaft 52 will cause the 
forming blades 18a–f and end formers 20, 22 to move 
Simultaneously outwardly and inwardly relative to the cylin 
drical wall 14 of the winding tool 10. 

The actuation of the actuator Structure operates in Sub 
Stantially the same manner as is described for the actuation 
of forming members in U.S. Pat. No. 5,860,615. Further, it 
should be noted that the actuator shaft 52 is preferably 
provided with an upper key member 60 having a flange-like 
member 62 for engagement by an actuator mechanism of the 
type described in U.S. Pat. No. 5,860,615. 

Referring to FIGS. 8-10, the operation of the winding tool 
10 relative to a stator stack 64 is illustrated wherein the 
winding tool is moved in reciprocating and oscillating 
movement, feeding wire through the assembly Support 34 
and wire apertures 30a-c to form wire coils around the teeth 
of the Stator Stack 64. At various predetermined times in the 
winding operation, the winding tool will be positioned in the 
location illustrated in FIG. 9 in order to permit the forming 
members to push the wire in the slots outwardly and thereby 
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4 
produce greater slot fill efficiencies for providing increased 
wire to the slots. 

In particular, it should be noted that the outer edges of the 
forming blades 18a–f are elongated in the vertical direction 
parallel to the longitudinal axis 16, and extend Substantially 
the vertical length of the slots in the stator stack 64. In 
addition, it can be seen that the end formers 20, 22 extend 
transversely of the forming blades 18a–f and Span a Sector 
of the upper and lower Surfaces of the stator stack 64. When 
actuated, the forming blades 18a–f will extend radially 
outwardly into a substantial portion of the slots defined in 
the stator stack 64, and the end formers 20, 22 will push both 
the upper and lower end turns of the coils radially outwardly 
Simultaneously with the radial movement of the forming 
blades 18a–f Thus, the end formers 20, 22 counteract any 
tendency of the end turns to flex radially inwardly as the 
wire located within the slots is pushed radially outwardly by 
the forming blades 18a–f Further, it should be noted that the 
outer surfaces of the end formers 20, 22 are preferably 
formed of a synthetic material, such as Nylon or Teflon, to 
avoid damage to the insulation on the wire coils. 
At completion of the forming operation by the forming 

blades 18a–f and end formers 20, 22, the forming members 
are retracted back toward the cylindrical wall 14 and are 
positioned flush with the outer surface of the cylindrical wall 
14 whereby additional wire may be fed from the wire 
apertures 30a-c, without interference from the forming 
members as the winding tool is reciprocated through the 
stator stack 64. 

Accordingly, it can be seen that the present invention 
provides an improved winding tool which facilitates posi 
tioning of the wire formed within Stator slots during a 
winding operation, and which further ensures proper posi 
tioning of the wire both within the slots and forming the end 
turns between the slots. 

It should further be apparent that although a particular 
number of forming blades have been illustrated in the 
present embodiment, a different number of forming blades 
may be provided within the Scope of the present invention, 
and depending on the particular requirements of the Stator 
being wound. 
What is claimed is: 
1. A winding tool for forming wire coils in a Stator Stack 

for a dynamoelectric machine, Said winding tool compris 
ing: 

an elongated base Structure defining a longitudinal axis, 
at least one elongated forming blade Supported on Said 

base Structure, Said forming blade including an outer 
edge defining an axis of elongation lying in a plane 
Substantially parallel to Said longitudinal axis, 

Said forming blade being Supported for movement, rela 
tive to Said base Structure, in a direction transverse to 
Said longitudinal axis, 

an actuator Structure extending through Said base structure 
for actuating Said forming blade in movement in a 
radial direction relative to Said longitudinal axis 
whereby said outer edge is moved from a retracted 
position to an extended position for insertion through a 
slot in a Stator Stack during a winding operation form 
ing wire coils on the Stator Stack, and 

at least one end former located adjacent a longitudinal end 
of Said forming blade and extending transversely of 
Said forming blade for engaging end turns of wire coils 
on the Stator Stack. 

2. The winding tool of claim 1 wherein said base structure 
defines a cylindrical wall and Said outer edge of Said forming 
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blade is substantially flush with said cylindrical wall when 
Said outer edge is in Said retracted position. 

3. The winding tool of claim 1 including at least one wire 
aperture defined on Said base Structure for guiding wire from 
within Said base Structure to the Stator Stack. 

4. The winding tool of claim 1 wherein said end former is 
actuated for movement by Said actuator Structure Simulta 
neously with actuation of Said forming blade. 

5. The winding tool of claim 1 comprising a plurality of 
Said forming blades Supported for movement in a radial 
direction from a retracted to an extended position. 

6. The winding tool of claim 5 including a pair of end 
formers, Said end formers located adjacent opposing ends of 
Said forming blades and extending transversely of Said 
forming blades for engaging end turns of wire coils on the 
Stator Stack. 

7. The winding tool of claim 6 including at least one wire 
aperture defined on Said base Structure for guiding wire from 
within Said base Structure to the Stator Stack. 

8. The winding tool of claim 7 wherein said base structure 
defines a cylindrical outer wall. 

9. The winding tool of claim 8 wherein each of said 
forming blades include an outer edge which is Substantially 
flush with said cylindrical outer wall when said forming 
blades are in Said retracted position. 

10. The winding tool of claim 8 wherein said end formers 
each include an outer Surface which is Substantially flush 
with said cylindrical outer wall when said end formers are in 
Said retracted position. 

11. A winding tool for forming wire coils in a Stator Stack 
for a dynamoelectric machine, Said winding tool compris 
ing: 

an elongated base Structure defining a longitudinal axis 
and comprising a cylindrical Outer wall; 

a plurality of circumferentially spaced slots defined in 
Said outer wall; 
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6 
a plurality of forming blades, each of Said forming blades 

being Slidably disposed through one of the circumfer 
entially spaced slots and defining respective outer 
edges, 

an actuator Structure for extending and retracting the 
forming blades to move Said outer edges from locations 
adjacent to Said cylindrical outer Surface to locations 
Spaced from Said cylindrical outer Surface; 

a wire aperture defined in Said cylindrical outer Surface 
for receiving and guiding wire outwardly from Said 
base Structure; 

a wire guide Structure extending through Said base Struc 
ture from one end thereof to Said wire aperture for 
guiding wire internally of Said base Structure; and 

an end former located adjacent longitudinal ends of Said 
forming blades, and extending transversely of Said 
forming blades for engaging end turns of wire coils on 
the Stator StackS. 

12. The winding tool of claim 11 wherein said forming 
blades each include a rack extending radially toward Said 
longitudinal axis, Said racks being disposed in Stacked 
relation to each other acroSS Said longitudinal axis. 

13. The winding tool of claim 11 wherein said forming 
blades and Said end formers each include a rack extending 
radially toward Said longitudinal axis, Said racks being 
disposed in Stacked relation to each other acroSS Said lon 
gitudinal axis. 

14. The winding tool of claim 13 wherein said racks each 
include a rack of gear teeth, and wherein the actuator 
Structure comprises a shaft forming a pinion gear extending 
through the winding Spindle and engaging the rack of gear 
teeth. 


